There is ongoing debate concerning whether new protein synthesis is necessary for, or even contributes to, memory formation and storage. This review summarizes a contemporary model proposing a role for altered protein synthesis in memory formation and its subsequent stabilization. One defining aspect of the model is that altered protein synthesis serves as a trigger for memory consolidation. Thus, we propose that specific alterations in the pattern of neuronal protein translation serve as an initial event in long-term memory formation. These specific alterations in protein readout result in the formation of a protein complex that then serves as a nidus for subsequent perpetuating reinforcement by a positive feedback mechanism. The model proposes this scenario as a minimal but requisite component for long-term memory formation. Our description specifies three aspects of prevailing scenarios for the role of altered protein synthesis in memory that we feel will help clarify what, precisely, is typically proposed as the role for protein translation in memory formation. First, that a relatively short initial time window exists wherein specific alterations in the pattern of proteins translated (not overall protein synthesis) is involved in initializing the engram. Second, that a self-perpetuating positive feedback mechanism maintains the altered pattern of protein expression (synthesis or recruitment) locally. Third, that other than the formation and subsequent perpetuation of the unique initializing proteins, ongoing constitutive protein synthesis is all that is minimally necessary for formation and maintenance of the engram. We feel that a clear delineation of these three principles will assist in interpreting the available experimental data, and propose that the available data are consistent with a role for protein synthesis in memory.
Introduction
In this review we propose a model whereby changes in protein synthesis contribute to long-term memory formation. The model specifies that altered translation of specific proteins is a critical component for triggering the consolidation of long-term memory. The mechanism we propose entails a process whereby a transient memory trace, involving the triggering of translation initiation and the subsequent synthesis of new proteins, is stabilized and perpetuated by a positive feedback mechanism requiring minimally only ongoing constitutive protein synthesis. Simply put we propose that, mechanistically, altered protein synthesis triggers the formation of long-term memory.
The model we describe is not a new model, but rather synthesizes and summarizes longstanding thinking among many molecular neurobiologists (Bailey, Bartsch, & Kandel, 1989; Blitzer, Iyengar, & Landau, 2005; Kelleher, Govindarajan, & Tonegawa, 2004; Klann & Dever, 2004; Steward & Schuman, 2001) . We feel it is appropriate at this point in time to reiterate this way of thinking about the role of protein synthesis in memory formation because of the recent emergence of alternative, non-protein synthesisdependent models for long-term memory formation such
